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Intercomparison
• BIPM website on the KCDB database has no results

about road surface intercomparison. 
• One was about luminance coefficient evaluaIon

We need intercomparison to test
• How much the measurements 

are comparable
• Traceability chain
• Better understand device 

performances
• To compare each others
• To test uncertainty statements 



Intercomparison and uncertainty
Uncertainty: is a measure of the quality of measurement 
results
No measurement is exact, even if the quanIty were 
measured several Ime providing the same value is not a 
proof of the exact value but means only that the measuring 
system has not a sufficient resoluIon to disInguish 
between the different values of the quanIty
Measurement uncertainty is not a concept equivalent to 
error: all measurements results are affected by errors. 
Sources of errors can be idenIfied then quanIfied and 
corrected, depending on Ime and resources available



Intercomparison and uncertainty
The definition of measurement uncertainty is a 
requirement stated in several documents (European 
standard incl)
Intercomparison is a way to check uncertainty reliability

VIM JCGM 200
GUM JCGM 100
https://www.bipm.org/en/publications/guides/
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3.1.1 The objective of a measurement is to determine the value of the 
measurand, that is, the value of the particular to be measured.
A measurement therefore begins with an appropriate specification of the 
measurand, the method of measurement and the measurement procedure..

Defini&ons, concepts, metrological terms*

Set of operations having 
the object of determining 
a value of a quantity.

Magnitude of a particular quantity expressed as a 
unit of measurement multiplied by a number. 
EXAMPLE: r value of road 824 sr-1

* From the International vocabulary of 
basic and general terms in metrology 
(VIM)

Particular quantity subject to 
measurement.
EXAMPLE: Luminance 
coefficient (q) of road surface

Logical sequence of operations, described 
generically, used in the performance of 
measurements.

Set of operations, described specifically, 
used in the performance of particular 
measurements according to a given 
method.



B.2.11
result of a measurement
value attributed to a measurand, obtained by 
measurement

NOTE 2 A complete statement of the result of a 
measurement includes information about the uncertainty of 
measurement.

B.2.18
uncertainty (of measurement)
parameter, associated with the result of a 
measurement, that characterizes the dispersion 
of the values that could reasonably be attributed 
to the measurand.

It is an estimate 
of the value of 
the measurand.

It indicates the 
degree of reliability 
in the result.
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B.2.14
accuracy of measurement
closeness of the agreement between the result of a 
measurement and a true value of the measurand
…
NOTE 2 The term precision should not be used for 
“accuracy”.

2.15 [JCGM 200:2012, International vocabulary of metrology – Basic 
and general concepts and associated terms (VIM)]
measurement precision
closeness of agreement between indications or 
measured quantity values obtained by replicate 
measurements on the same or similar objects under 
specified conditions
…
NOTE 2 The ‘specified conditions’ can be, for example,
repeatability conditions of measurement, … or
reproducibility conditions of measurement …

There is a 

systematic

error here!

Poorrepeatability

and/or 
reproducibility

!



SURFACE Intercomparison tasks
• To check metrological capability

– Measurement methods
– Uncertainty evaluation

• RM suitability
• Check expected uncertainty
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Uncertainty evalua4on
Measurement uncertainty could be described as composed 
by two contributions:
• the measurement system metrological characteristics 

and measurement procedures,
• the influence of the measured specimen characteristics
JCGM guide is a powerful document but its application is 
considered very difficult for every day work, especially if 
considering industrial photometric measurements



Measurement methods
• Absolute

• RelaIve
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SURFACE Intercomparison tasks



Measured values: r table



SURFACE Intercomparison tasks





Measured values: r table



Measurand



SURFACE Intercomparison tasks







VALUES



Participants

• L872 (1)
• R345 (1)
• A109 (1)
• H118 (1; 2,29)
• E155 (1; 2,29; 10)
• M762 (1; 2,29; 10; 20)
• F563 (1; 2,29; 10; 20)
• C123 (1; 2,29; 10; 20)

3 consor;um members
2 stakeholders
4 laboratory goniometers
4 portable devices



Approach 1

• Definition of a KCRV 
– Artimetic mean

• Definition of uncertainty
– Of KCRV
– Of ILC participants
– By own procedure
– By LUMCORUN

Approach 2

• Check all values

• Use the expected uncertainty

• Outliers

Discrepancies approach



Approach 2: 1° observation Integral Values
• Expected relative uncertainty 2%- 10%
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DIFFUSE BLACK FLAT DK000
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DIFFUSE GREY FLAT DG 000
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DIFFUSE BLACK LOW HEIGHT DK210 
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DIFFUSE GREY LOW HEIGHT DG210 

10%
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DIFFUSE GREY HIGH HEIGHT DG110
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Approach 2: 1° observaCon r values
• Expected relative uncertainty 2%- 10%
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Instrument aperture effect

reduced luminance coefficient r in cd/m2/lux,
which is derived from q (equation 2).

r ¼ qcos3" ð2Þ

A reduced coefficient table called r-table
was defined, where the luminance coefficient r
is given for a combination of fixed lighting
angles ! and tan " (see Figure 1). The
standardised viewing height is 1.5m and the
angle of observation " is constant at 18,
corresponding to an observation distance of
86m. Lighting standards target an area of the
road between 60m and 160m ahead of the
driver, this being considered an important
area for the detection of obstacles. It was also
defined for interurban driving where the
speed is about 80 to 90 km/h.

The average luminance coefficient Q0 rep-
resents the degree of lightness of the measured
surface.14 It is computed as the average of the
luminance coefficients over the specified solid
angle, !0 (equation 3).

Q0 ¼
1

!0

Z
qd! ð3Þ

In practice, due to the finite number of
measurements, the integration results in a
numerical summation approximated with

weighting factors corresponding to the solid
angle attributed to each value "! and given
for each combination of tan " and ! angles
(equation 4)15

Q0 ¼
P

q $"!P
"!

ð4Þ

The specular factor S1 represents the
degree of specularity (shininess) of the
observed surface. It is defined as the ratio
between the reduced luminance coefficients
of two specific illumination conditions (equa-
tion 5)

S1 ¼
rð! ¼ 0, tan " ¼ 2Þ
rð! ¼ 0, tan " ¼ 0Þ

ð5Þ

Standard reflection tables are used world-
wide, and they are based on measurements
carried out in northern Europe in the 1960s
and 1970s.15 However, discrepancies have
been found in more recent measurements.8–11

These discrepancies are attributed to the
change in pavement surface technology and
aging of the road surfaces.

3. The current limitations of road
photometry

In EN 13201-3,3 the geometries (lighting and
viewing angles) at which the q values should
be known is given and so is the format of the
r-table (Table 3 of that standard). However,
no values are given in the standard. The only
published reference data were published in a
CIE Technical Report,15 which is more than
40 years old and which does not include
information on measurement uncertainty.

In the past 40 years, pavements have
changed, driver visual conditions have chan-
ged, and traffic behaviour has changed. As a
consequence, current road lighting systems
are designed using data of road pavement
characteristics which may not be representa-
tive of actual road surfaces.8–11 Road surfaces

Observer

Observed
point

Projected point under
light source

Luminaire

Road surface normal

Road surface

α

e

b

Figure 1 The photometric characteristics of the road
surface depend on the angles of observation ", deviation
! and incidence ". By convention, according to CIE 066
and CIE 144, guidelines and road lighting standards, for
the characterisation of road photometry " is set at 18

V Muzet et al. 3

Lighting Res. Technol. 2020; 0: 1–17



Instrument aperture effect

Figure 1. A schematic of the geometrical effects with left) apertures of the illumination 𝐴! with coordinate system 𝑥", 𝑦" , of the detection 𝐴#with
coordinate system 𝑥#, 𝑦# and of the effective illuminated area 𝐴$ with coordinate system 𝑥$, 𝑦$ ; right) the nominal angles (𝛼%, 𝛿%) of the
detector and (𝛽%, 𝜀%) of the source.

Tan e =0 b=0



DIFFUSE GREY HIGH HEIGHT DG110
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DIFFUSE BLACK LOW HEIGHT DK210 
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DIFFUSE GREY LOW HEIGHT DG210 
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Conclusions
• Even in SET A there are outliers, with discrepancies 

larger than 100%, greatest difficulIes are with Glossy 
black sample

• Also in SET B there are outliers because of: single 
measurement value, systemaIc behaviour of 
laboratories 

• Considering only the expected uncertainty of 10%, for 
condiIon with very low aperture effects, the compliance 
is quite good.

• For addiIonal angular values the usage of LUMCORUN is 
necessary to evaluate (and correct) aperture effects



Samples DG210 DK210
• Diffuse Grey/ Black Low height



• The standard deviation of the measurements is not representative of the 
measurement uncertainty and is either an under-estimation or a mis-
estimation. 
– Measurement devices showed good repeatability (all participant have low standard 

deviations)
– The RM design ensured also high position and alignment repeatability.
– The under/misestimation of the uncertainty involves problems in the approach to the 

definition of KCRV and consequently in degree of equivalence of the data
• As some measurements are outliers, the KCRV can be established relying only 

on few data. In few cases the results seem to belong to different populations: 
the choice of KCRV as arithmetic mean is weak it could be of interest to 
investigate the impact of considering just one laboratory as reference

• Some geometrical conditions shown good data agreement among the labs, 
while, in the larger part of geometries, discrepancies are relevant (in few cases 
more than 100%) to support the need of deeper investigations. Suggested field 
of investigations:
– Impact of geometries, apertures and acceptance area and eventually calibration and 

calculation models
– Need of systematic corrections for given instruments and/or given measurement 

directions


